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MULTI-CHANNEL KVM SERVER SYSTEM
EMPLOYING MULTIRESOLUTION
DECOMPOSITION

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to image and video signal trans-
mission, and in particular, it relates to a method of trans-
mitting image and video signals with adjustable resolution
and supporting a TV wall mode using multiresolution
decomposition technique.

2. Description of the Related Art

Discrete wavelet transform is a technique often used in
image analysis. The principle of discrete wavelet transform,
as elaborated by a number of papers, is to hierarchically
decompose an input signal into a series of lower resolution
smooth signal and their associated detail signals. The
decomposition is repeated for a number of levels; at each
level, the smooth signal is decomposed into a smooth signal
(contains most of the energy in the image at that level) and
a number of detail signals at the next level (which generally
contain relatively little energy). At each level, the smooth
signal and the number of detail signals collectively contain
the information needed to completely reconstruct the smooth
signal at the next higher resolution level. See, for example,
A. Grossmann and J. Morlet, “Decomposition of Hardy
function into square integrable wavelets of constant shape,”
SIAM J. Math. Anal, Vol. 15, pp. 723~736, 1984; 1.
Daubechies, “Orthonormal bases of compactly supported
wavelets,” Commun. Pure Appl. Math., Vol. 41, pp.
909~996, 1988; S. Mallat, “A theory for multiresolution
signal decomposition: The wavelet representation,” IEEE
Trans. Patt Anal. Machine Intell., Vol. 7, pp. 674~693, 1989;
and G. T. STRANG, “Wavelets and dilation equations: A
brief introduction,” SIAM Rev., Vol. 31, pp. 614~627, 1989.
This technique is also referred to as multiresolution decom-
position. There are many different implementations of mul-
tiresolution decomposition by using different types of wave-
let filter banks, such as 9/7 tap filter bank, D4 filter bank,
Haar filter bank, triangular-mesh based image filter bank,
etc. The type of filter bank is determined by the scalar
function and the wavelet function that are used. See, for
example, M. Antonini, M. Barlaud, P. Mathieu, and I.
Daubechies, “Image coding using wavelet transform,” IEEE
Trans. Image Processing, Vol. 1, no. 2, 1992; 1. Daubechies,
“Orthonormal bases of compactly supported wavelets,”
Commun. Pure Appl. Math., Vol. 41, pp. 909~996, 1988; M.
G. Albanesi and I. Delotto, “Image compression by the
wavelet decomposition,” Signal Processing, Vol. 3, no. 3,
pp. 265~274, 1992; and Wenshun Li and Jiegu Li, “Image
Compression Using Multiresolution Decomposition of Tri-
angular Mesh Model,” Acta Automatica Sinica, 1999 25
(05): 613-619.

FIG. 1 schematically illustrates an example of how an
image is decomposed into lower resolution signals by a
three-level multiresolution decomposition. The original
image 10 is decomposed into four first resolution level
signals 11, indicated here as LL.1, LH1, HL.1 and HH1, by
applying low-pass and high-pass filters to the original
image. LL1 is the first-level smooth signal, while LH1, HL.1
and HH1 are first-level detail signals. The smooth signal
LL1 is generated by applying a low-pass filter to the original
image in both the horizontal and vertical directions; the
detail signal LH1 is generated by applying a low-pass filter
in the horizontal direction and a high-pass filter in the
vertical direction; the detail signal HL.1 is generated by
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applying high-pass filter in the horizontal direction and a
low pass-filter in the vertical direction; and the detail signal
HH1 is generated by applying a high-pass filter in both the
horizontal and vertical directions. The first-level smooth
signal L1 has a lower spatial resolution, i.e., having fewer
pixels, than the original image. The original image 10 can be
completely reconstructed from the four first-level signals
LL1, LH1, HL.1 and HH1. The first-level smooth signal L.[.1
is in turn decomposed into four second resolution level
signals 12, indicated here as smooth signal LI.2 and detail
signals LH2, HL.2 and HH2. The first-level smooth signal
LL1 can be completely reconstructed from the four second-
level signals [L1.2, LH2, H[.2 and HH2. The second-level
smooth signal L1.2 is further decomposed into four third
resolution level signals 13. More levels of decomposition
can be similarly carried out. FIG. 2 illustrates a two-
dimensional image signal 21 and the four lower resolution
level signals 22A-D resulting from one level of decompo-
sition, including one smooth signal 22A, one horizontal
signal 22B, one vertical signal 22C, and one diagonal
direction signal 22D. It should be noted that in this example,
the three detailed signals 22B-D are in fact negative or
inverted images (i.e., black background with white images),
but for purposes of illustration, they are shown in FIG. 2 as
positive images.

When the multiresolution decomposition process is fin-
ished, the resulting signals include one smooth signal of the
lowest resolution level (i.e. the nth-level), and the detail
signals of all resolution levels. In this respect, note that while
FIG. 1 shows the higher resolution level smooth signals L.I.1
and LL.2, they are in fact not present in the final resulting
signals of the multiresolution decomposition. When recon-
structing the original image, the lowest resolution level
smooth signal (e.g. LL3 in this example) and the lowest
resolution level detail signals (LH3, HL.3 and HH3 in this
example) are first used to construct the next higher resolu-
tion level smooth signal (L.1.2 in this example). The recon-
structed smooth signal of that level (LL2) and the detail
signals of the same level (LH2, HL.2 and HH2 in this
example) are used to reconstruct the smooth signal of one
level above (LL1 in this example), and so on, until the
original image is reconstructed.

SUMMARY OF THE INVENTION

The present invention is directed to a method and related
apparatus for transmitting image and video signals with
adjustable color quality and image quality.

An object of the present invention is to provide such an
image or video signal transmitting method that eliminates
the need to separately generate multiple image data each
having a particular color quality or image quality for trans-
mission to different clients.

Additional features and advantages of the invention will
be set forth in the descriptions that follow and in part will be
apparent from the description, or may be learned by practice
of the invention. The objectives and other advantages of the
invention will be realized and attained by the structure
particularly pointed out in the written description and claims
thereof as well as the appended drawings.

To achieve these and other advantages and in accordance
with the purpose of the present invention, as embodied and
broadly described, the present invention provides a server
for supplying video signals from a plurality of video sources
to a plurality of clients, which includes: a plurality of video
processing circuits; a video switch coupled to the plurality of
video sources and the plurality of video processing circuits,
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the video switch being operable to connect each video
processing circuit to one or more video sources; wherein
each video processing circuit is operable to process video
signals from the connected video sources using a multireso-
Iution decomposition method to generate a plurality of
decomposition components for each connected video
source, including a smooth signal component and one or
more detail signal components at one or more resolution
levels, and a transmission circuit for selectively transmitting
decomposition components generated by the video process-
ing circuits to the clients based on requirements of the
clients, wherein at least some of the time, the transmission
circuit transmits decomposition components generated by
two or more video processing circuits connected to two or
more video sources to a single one of the clients.

In another aspect, the present invention provides, in a
server system comprising a server, a plurality of video
sources connected to the server, and a plurality of clients
connected to the server, the server comprising a plurality of
video processing circuits, a video switch connected to the
plurality of video sources and the plurality of video pro-
cessing circuits, and a transmission circuit coupled to the
plurality of clients, a method executed by the server for
supplying video signals from the plurality of video sources
to the plurality of clients, which includes: (a) the video
switch connecting each of at least some of the video pro-
cessing circuits to one or more video sources; (b) each of the
at least some of the video processing circuits processing
video signals from the connected video sources using a
multiresolution decomposition method to generate a plural-
ity of decomposition components for each connected video
source, including a smooth signal component and one or
more detail signal components at one or more resolution
levels; and (c) the transmission circuit transmitting at least
some decomposition components generated by at least some
video processing circuits to at least some clients based on
requirements of the clients, wherein at least some of the
time, the transmission circuit transmits decomposition com-
ponents generated by two or more video processing circuits
connected to two or more video sources to a single one of the
clients.

In yet another aspect, the present invention provides a
method for transmitting image signals by a server to a
plurality of clients, which includes: (a) processing video
signals from a plurality of video sources by a plurality of
video processing circuits using multiresolution decomposi-
tion to generate a plurality of decomposition components,
including, for the video signal from each video source, a
smooth signal component and one or more detail signal
components at one or more resolution levels; (b) determin-
ing a transmission requirement for each client, including a
resolution and a mode indicating a number of video sources;
and (c) transmitting to each client a plurality of the decom-
position components based on the transmission requirement.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically illustrates an example of how an
image is decomposed into lower resolution signals by a
three-level multiresolution decomposition.

FIG. 2 illustrates a two-dimensional image signal and four
lower resolution level signals resulting from one level of
decomposition.
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FIG. 3 illustrates an adjustable resolution image signal
transmission process according to an embodiment of the
present invention.

FIG. 4 schematically illustrates the various data at various
stages of the process of FIG. 3.

FIGS. 5a and 5b schematically illustrates typical systems
in which the adjustable resolution image signal transmission
process may be applicable.

FIG. 6q illustrates a KVM switch system with a multi-
source (TV wall) mode.

FIG. 65 illustrates a KVM switch system with a multi-
source (TV wall) mode according to an embodiment of the
present invention.

FIG. 7 illustrates an adjustable resolution image signal
transmission process according to the embodiment of FIG.
6b.

FIG. 8 schematically illustrates the various data at various
stages of the process of FIG. 7.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

As required, a detailed illustrative embodiment of the
present invention is disclosed herein. However, techniques,
systems and operating structures in accordance with the
present invention may be embodied in a wide variety of
forms and modes, some of which may be quite different
from those in the disclosed embodiment. Consequently, the
specific structural and functional details disclosed herein are
merely representative, yet in that regard, they are deemed to
afford the best embodiment for purposes of disclosure and to
provide a basis for the claims herein, which define the scope
of the present invention. The following presents a detailed
description of the preferred embodiment (as well as some
alternative embodiments) of the present invention.

Embodiments of the present invention apply the multi-
resolution decomposition technique in an adjustable resolu-
tion video image transmission method and in a multi-
channel KVM server that supports a TV wall mode (also
known as picture-in-picture mode).

The YCbCr color system is widely used to represent color
images and video, as well as in image and video compres-
sion. In this color system, the Y component represents the
luminance (brightness) information, and the Cb and Cr
components represent the chrominance (color) information.
There are many different ways to compress the three com-
ponents when compressing an image or video. In some
cases, there is a need to transmit compressed image or video
signals to different user devices that have different commu-
nication bandwidths available to them. Some existing meth-
ods adjust the amount of chrominance information trans-
mitted to a user device based on the available bandwidth.
For a wide bandwidth user, full CbCr color information is
transmitted. For a narrow bandwidth user, either the Y
component only is transmitted (which results in a gray
image), or a reduced amount of CbCr information is trans-
mitted (which results in a color reduced image). In the field
of KVM (keyboard video mouse) switches, color adjustment
is often implemented by reducing the color number, e.g.,
reducing the color number of colors to 16-color or 256-color.

Embodiments of the present invention use multiresolution
decomposition to provide an image and video signal trans-
mission method that can transmit image and video signals at
a resolution that takes into consideration the bandwidth of
the receiving device. A typical environment in which this
signal transmission method may be applicable is a server-
client environment where the server transmits video data to
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the client to be displayed on a display device (monitor) of
the client. As schematically shown in FIG. 5a, the server 51
is connected to the client 52 by a communication link 53,
which may be a cable or a network such as a local area
network (LAN), wide area network (WAN), Internet,
Intranet, Ethernet, etc., or a combination thereof. The band-
width available to the client 52 may be affected by the
bandwidth of the communication link 53. For example, if the
server 51 and the client 52 are connected by a network, the
client’s bandwidth may be limited by the local link that links
the client 52 to the network. Thus, different clients 52 often
have different bandwidths. As shown in FIG. 5a, the server
51 includes an I/O section 511, a CPU 512 and memories
513. The image signal transmission method according to
embodiments of the present invention is implemented by the
CPU 512 executing software or firmware programs stored in
the memories 513, or by hardware of the server 51.

One particular example of the server-client system is a
KVM (keyboard video mouse) switch system, schematically
shown in FIG. 55, where a plurality of computers 57 (57A,
57B, 57C etc.) and one or more user consoles 56 (56A, 568,
etc.) are connected to the KVM switch 55. Switching
elements within the KVM switch 55 allow a user at a user
console 56 to selectively communicate with and control any
one of the computers 57. The KVM switch 55 transmits
video signals, including video signals from the computer 57
being controlled and video signals generated by the KVM
switch 55 itself, to the user console 56 for display. In some
KVM systems, one or more remote user consoles 59 (59A,
59B etc.) can be connected to the KVM switch 55 via a
network 53 such as a local area network (LAN), wide area
network (WAN), Internet, Intranet, Ethernet, etc. Besides a
keyboard, a mouse and a monitor, the remote user console
59 further includes a user-side computer loaded with soft-
ware capable of establishing an IP-based connection with
the KVM switch 55 through the network 53, whereby all the
keyboard, mouse and video signals are transmitted in net-
work packet form. The various image processing steps of the
image signal transmission method according to embodi-
ments of the present invention are performed either by the
KVM switch 55 of by the KVM switch 55 and the computer
57 jointly.

More generally, the method applies to image signal trans-
mission from a transmitting device to a receiving device.
The descriptions below use a server and client environment
as an example, where the server transmits an image or video
to the client. Further, the term “image” as used in the
description below should be broadly understood to include
both still image and video.

An adjustable resolution image signal transmission pro-
cess according to an embodiment of the present invention is
illustrated in FIG. 3. FIG. 4 schematically illustrates the
various data at various stages of the process. First, the server
performs multiresolution decomposition on the image data
representing the original two-dimensional image to be trans-
mitted (step S31). As described earlier, the multiresolution
decomposition process includes decomposing the original
image into a smooth signal and a number of detail signals at
a first resolution level, and carrying out the decomposition
recursively level by level for a predetermined number of
levels. At each resolution level (except for the last one), the
smooth image signal is decomposed into a number of next
lower resolution level signals including one smooth signal
and a number of detail signals. As schematically illustrated
in FIG. 4, the resulting data of the multiresolution decom-
position process (the decomposed image data 42) include
one smooth signal of the lowest resolution level (represented
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by Ln in FIG. 4) and a number of detail signals at each
resolution level (in FIG. 4, H1, H2, . . . Hn represent the
collection of first, second, . . . nth resolution level detail
signals, respectively). These smooth and detail signals are
referred to as the decomposition components in this disclo-
sure. In one preferred embodiment, the total number of
levels of decomposition is four, and the number of detail
signals at each level is three, including one horizontal signal,
one vertical signal, and one diagonal direction signal, such
as shown in FIG. 2. It should be noted that in this example,
the three detailed signals are in fact negative or inverted
images (i.e., black background with white images), but for
purposes of illustration, they are shown as positive images.
Thus, the lowest resolution level image is %16 the size of the
original image in each side (i.e. V256 the size of the original
image in two dimensions).

Any suitable decomposition technique, including the ones
described in the reference cited earlier, can be used to
implement the multiresolution decomposition process. In
one particular embodiment, multiresolution decomposition
is implemented by a triangular-mesh based image filter
bank, described in detail in Wenshun Li and Jiegu Li, “Image
Compression Using Multiresolution Decomposition of Tri-
angular Mesh Model,” Acta Automatica Sinica, 1999 25
(05): 613-619.

The decomposed image data are arranged in a way so that
lower resolution level decomposition components appear
before higher resolution level decomposition components
(step S32). For example, if the decomposed image data is
stored in a file, then lower resolution level components are
stored earlier in the file than higher resolution level com-
ponents. Compression and coding may be optionally applied
to the resulting decomposition components (step S33). For
example, run-length coding and Huffman coding may be
applied. In FIG. 4, item 43 schematically represents the
decomposition components after they are encoded, and have
been arranged as described above. This data resides on the
server. Note that the arranging step S32 is optional. Also, if
this step is performed, the arrangement of the decomposition
components is not limited to a strict order form low reso-
Iution level to high resolution level; any arrangement that
conveniently facilitates the fetching of data for transmission
can be used.

As described earlier, image reconstruction is carried out
from lower resolution levels to higher resolution levels. To
completely construct the original image, the lowest resolu-
tion level smooth signal and all detail signals at all levels are
used. To construct a relatively low resolution image, the
lowest resolution level smooth signal and none or some but
not all of the detail signals are used. For example, if the
original image is decomposed into three levels, as in the
example of FIG. 1, and only the lowest resolution level
(third level) smooth signal .LI.3 and the lowest resolution
level (third level) detail signals LH3, H[.3 and HH3 are used
in the reconstruction, the reconstructed image is L.L.2, which
is a lower resolution image as compared to the original
image. A lower resolution image can also be reconstructed
by omitting (i.e. making them zero) some or all of the detail
signals of a given level. For example, an image can be
reconstructed by using [.L1.3 and LH3 but omitting H[.3 and
HH3 (i.e. using some but not all detail signals of the third
level), or reconstructed by using [.LI.3 and LH2, HL.2 and
HH2 (i.e. omitting all detail signals of the third level but
using detail signals of the second level), etc. Thus, depend-
ing on which of the detail signals are used, images of various
resolutions can be reconstructed.
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Typically, the amount of data in a lower resolution level
(including the smooth signal and the detail signals) is about
V4 to /2 of the amount of data in the next higher resolution
level. Thus, the server can select the number of levels, as
well as the number of detail signals at each level, so that the
amount of data transmitted to the client is suitable for the
bandwidth of the client.

Referring again to FIG. 3, during image transmission to a
client, the server determines the bandwidth available to the
client (step S34). The client’s bandwidth may be detected by
the server automatically. For example, a KVM switch typi-
cally has knowledge of the bandwidth of the connection
between itself and a client. Alternatively, the client may
inform the server of its bandwidth. For example, if the client
is connected to the server via the Internet and the local
Internet access link is a bandwidth-limiting factor, the client
can inform the server of its bandwidth limitation. As another
alternative, the human user at the client can specify a
bandwidth and the client informs the server of the specified
bandwidth. Typically, the server only needs to determine the
client’s bandwidth once during a communication session.
Thereafter, when the server has an image to transmit to the
client (the image having been processed by the multireso-
Iution decomposition step S31 and the optional arranging
step S32 and compression and coding step S33), the server
transmits to the client selected ones of decomposition com-
ponents of the image based on the bandwidth of the client
(step S35).

For example, if the client has a relatively narrow band-
width, the server may transmit the lowest resolution level
smooth signal (Ln) and either no detail signal or a small
number of detail signals (see FIG. 4, item 44A). If, on the
other hand, the client has a broad bandwidth, the server may
transmit the lowest resolution level smooth signal (L.n) and
all of the detail signals (see FIG. 4, item 44C). If the client
has an intermediate bandwidth, the server may transmit the
lowest resolution level smooth signal (Ln) and a medium
number of detail signals (see FIG. 4, item 44B).

On the client side, the client reconstructs the image using
the received decomposition components (step 36), after
appropriate decoding and decompression. The resulting
reconstructed image data has a resolution that is determined
by the number of decomposition components used to recon-
struct it (see FIG. 4, items 45A, 45B and 45C). Different
clients can use the same image reconstruction method and
software to reconstruct the images regardless of the number
of detail signals in the image data received from the server.

Using the above-described method, when the server com-
municates with different clients, it transmits different num-
bers of decomposition components based on the bandwidth
of the different clients. The server does not need to generate
data representing different resolution images for transmis-
sion to different clients. Rather, the same decomposed image
data can be used for clients requiring different resolutions;
the server only needs to selectively transmit and different
decomposition components to different clients. In other
words, the server performs steps S31, S32 and S33 only once
for each image, and performs steps S34 and S35 for each
client (which may be performed concurrently if required). In
addition, arranging and storing the decomposed image data
from lower resolution level to higher resolution level (step
S32) facilitates quick access of the decomposed image data
for transmission to different clients because the more fre-
quently used information (the smooth signal and lower
resolution level detail signals) are stored earlier in the file.
This signal transmission method has advantaged over con-
ventional methods, such as JPEG compression technique,
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which require multiple, separate compressed image data to
be generated for different image resolution or quality. In a
conventional method, for example, a low resolution or
quality compressed data, a medium resolution or quality
compressed data, and a high resolution or quality com-
pressed data would have to be separately generated and
stored, and one of them is selected to be transmitted to a
given client.

The multiresolution decomposition process described
above can be applied to the three components of a color
image, namely Y, Cb and Cr components, independently.
This allows independent adjustment of the color quality of
the image, which is typically determined by the amount of
chrominance information (Cb and Cr) in the image data, and
the resolution quality of the image (often simply referred to
as “image quality”), which is typically determined by the
amount of luminance information (Y) in the image data. The
color quality and resolution quality can also be jointly
adjusted if both the luminance and chrominance components
are subject to the multiresolution decomposition process.

To accomplish color quality adjustment and control, the
chrominance components (Cb and Cr) of the image are
decomposed using multiresolution decomposition. Then,
more or less of the detail signals of the decomposed Cb and
Cr data are transmitted to the client to adjust the color
quality of the reconstructed image. The luminance (Y)
component of the image data can be fully transmitted to the
client. It can be seen that this color quality adjustment
method is different from the conventional method which
adjusts color quality by reducing the number of colors.

To accomplish the image quality (resolution) adjustment
and control, the luminance component (Y) is decomposed
using multiresolution decomposition. More or less of the
detail signals of the decomposed Y data are transmitted to
the client to adjust the resolution of the reconstructed image.
If the chrominance components (Cb and Cr) are also decom-
posed using multiresolution decomposition, then both the
image quality and the color quality can be adjusted to
desired degrees.

As mentioned earlier, one practical application of the
adjustable resolution transmission method is in a KVM
switch system such as that shown in FIG. 54. It allows the
KVM switch 55 to control and adjust the color quality and/or
image quality of the video signals transmitted to different
remote user consoles 59 that have different bandwidths.

Another application of the multiresolution decomposition
method is for compressed video/image data storage. The low
quality (or low color quality) compressed image data can be
extracted directly from the high quality (or high color
quality) compressed image data; only one copy of data is
stored but can be used to reconstruct images of different
qualities.

Another practical application of the adjustable resolution
transmission is in a KVM switch system such as that shown
in FIG. 556 which supports a multi-source mode (commonly
referred to as a “T'V wall” mode), where the desktop images
of multiple computers 57A, 57B, etc. are reduced in size and
displayed simultaneously on the monitor of a client 56 or 59.

FIG. 6a illustrates the structures of a conventional KVM
switch supporting a multi-source mode. The multiple video
sources 68 (68-1, 68-2, . . . 68-N) correspond to multiple
computers 57 in FIG. 56. The multiple remote or local
clients 69 (69-1, 69-2, etc.) correspond to the clients 56 and
59 in FIG. 5b. As shown in FIG. 6a, the KVM switch 60A
includes a video switch 61A, a video processor 62A, and a
KVM main processor 63A. The video switch 61A selec-
tively connects the video processor 62A to one of the video
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sources 68. The video processor 62A samples, processes and
compresses the video signal from the connected video
source. The KVM main processor 63A transmits the pro-
cessed video data to the client 69. The KVM main processor
63 A also performs other functions of the KVM switch 60A,
such as communicating with the client, controlling various
other parts of the KVM switch 60A, etc.

When a client 69 is in a normal (single-source) mode, the
video switch 61A is switched to one of the video sources 68
(i.e. the selected computer), and the video signal from the
selected video source is processed by the video processor
62A and transmitted to the client 69. When a client 69 is in
a multi-source mode, the video switch 61A is sequentially
switched to multiple video sources 68, and the video pro-
cessor sequentially processes the video data from the mul-
tiple video sources, including reducing the image size. The
KVM main processor 63A transmits the multiple processed
data from multiple video sources to the client 69. The client
displays the multiple images at appropriate locations on its
monitor to form a TV wall. For example, the client may
display four desktop images from four computers each
filling a quarter of the monitor.

FIG. 64 illustrates a KVM switch system supporting a
multi-source mode according to an embodiment of the
present invention. The multiple video sources 68 (68-1,
68-2, . .. 68-N) correspond to multiple computers 57 in FIG.
5b. The multiple remote or local clients 69 (69-1, 69-2, etc.)
correspond to the clients 56 and 59 in FIG. 54. As shown in
FIG. 65, the KVM switch 60 includes a matrix video switch
61, a plurality of video processors 62 (62-1, 62-2, . .. 62-M),
and a KVM main processor 63. The video switch 61
selectively connects each video processor 62 to one of the
video sources 68 as described in more detail later. Each
video processor 62 samples, processes and compresses the
video signal from the connected video source. The KVM
main processor 63 transmits the processed video data from
appropriate video processors 62 to appropriate clients 69.
With multiple video processors 62, the KVM switch 60 can
supply multiple clients; this type of KVM switch is some-
times referred to as a multi-channel KVM switch (i.e. a
KVM switch having multiple video channels).

In the structures of FIGS. 6a and 65, each video processor
62A/62 may include an analog-to-digital converter (ADC)
and a video buffer (not shown) for temporarily storing the
video signal being processed. In the structure of FIG. 65, the
multiple video processors 62 may be integrated into a single
video processor with multiple video processing circuits such
that a plurality of video signals from different video sources
are processed independently and simultaneously. That is, the
single video processor is able to provide multiple video
processing channels at the same time. The video switch
61A/61 may be a cross-point switch or a matrix switch
selectively connects the video processor 62A/62 to one or
more than one of the video sources 68.

The KVM switch 60A/60 may further include a network
interface circuit (not shown) so that the KVM main proces-
sor 63A/63 can transmit the processed video data to the
remote client 69 via the network 53 (refer to FIG. 5b; the
network is not shown in FIGS. 64 and 65). Further, although
in FIGS. 6a and 656 the KVM main processor 63A/63 is
shown as being connected between the video processors
62A/62 and the network, the actual hardware implementa-
tion may vary. For example, the video processors 62A/62,
the KVM main processor 63A/63 and the network interface
circuit may be connected to each other by a local bus.
Alternatively, additional circuits may perform the function
of transmitting the processed data from the video processors
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to the network. More generally, the collection of hardware
circuits that perform the function of transmitting processed
video data (including multiresolution decomposition com-
ponents) to the client may be referred to as a transmission
circuit. In the description below, the transmission circuit is
exemplified by the KVM main processor 62A/62.

The KVM main processor 63 also performs other func-
tions of the KVM switch 60, such as communicating with
the clients, controlling various other parts of the KVM
switch 60A, etc. In particular, the KVM main processor
receives connection requests from the clients indicating
which video sources the client wishes to connect to and the
connection mode (normal or multi-source).

There have been conventional KVM switch systems gen-
erally having a same overall structure as that shown in FIG.
65. However, in such a conventional system, each video
processor supplies one client; when a video processor sup-
plies a client in a multi-source mode, the video processor
must sequentially connect to multiple video sources and
process video data from them sequentially. Further, each
time the video processor is connected to a different video
source 69, it must perform a video auto-sync process to
adjust the ADC pll, phase, and video offset. Thus, sequential
switching to multiple video sources is time-consuming and
causes delay.

An embodiment of the present invention uses the multi-
resolution decomposition method in a multi-source mode to
simplify video processing and reduce the number of times a
video processor is sequentially switched to multiple video
sources. This embodiment is described with reference to
FIGS. 64, 7 and 8. The description below uses an exemplary
scenario where a first and a second client are in a normal
(single-source) mode to display imaged from a first and a
second video source, respectively, and a third client is in a
multi-source mode to display images from first, second,
third and fourth video sources simultaneously. Other
examples can be similarly understood.

First, for each video source 68 that is supplied to a client
69 in a normal mode, the KVM main processor 63 assigns
a video processor 62 to the video source. The KVM main
processor 63 controls the video switch 61 to connect these
video processors 62 to the corresponding video sources 68
(step S71). For convenience, these video processors are
collectively referred to as the first group of video processors
and the video sources they process are collectively referred
to as the first group of video sources. In the exemplary
scenario, the KVM main processor controls the video switch
to connect the first and second video processors to the first
and second video sources, respectively. Each of the first
group of video processors processes the video signal from its
respective video source (step S72). The processing includes
video signal sampling, multiresolution decomposition (simi-
lar to steps S31 and S32 in FIG. 3), compression and coding
(similar to step S33 in FIG. 3), etc., to generate a predeter-
mined number of encoded decomposition components.

In FIG. 8, the data 81-1 schematically represents encoded
decomposition components generated by the first video
processor from the first video source, which includes one
smooth signal of the lowest resolution level (Ln-1) and a
number of detail signals at each resolution level (Hn-1, . ..
H2-1, H1-1). This data 81-1 is similar to the data 43 shown
in FIG. 4. Similarly, in FIG. 8, the data 81-2 schematically
represents encoded decomposition components generated by
the second video processor from the second video source.

The KVM main processor 63 transmits the video data (in
the form of encoded decomposition components) generated
by the first group of video processor to corresponding clients
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which are in the normal mode (step S73). The KVM main
processor may transmit different number of decomposition
components to different clients depending on the bandwidth
of that client in a manner described earlier (see FIGS. 3 and
4). In FIG. 8, the data 82-1 schematically represents the
compressed image data transmitted to the first client, which
includes decomposition components Ln-1, Hn-1, . . . H1-1.
Similarly, the data 82-2 schematically represents the com-
pressed image data transmitted to the second client. In this
example, all decomposition components at high resolution
levels are transmitted to the first and second clients, so that
high resolution images can be formed by these clients. Of
course, the KVM main processor may transmit fewer than
all of the H signals to the first or second client. For example,
the number of the H signals transmitted may depend on a
resolution either requested by the client or determined by the
KVM switch.

To supply a client which is in the multi-source mode, the
KVM main processor 63 will need to transmit processed
image data from multiple video sources requested by the
multi-source mode (e.g. the first to fourth video sources in
the exemplary scenario), each at a lower resolution (e.g. one
half of the resolution in the normal mode in the exemplary
scenario). However, some of the requested video sources are
already being processed by the first group of video proces-
sors, so the processed data can be used as a part of the
multi-source data. Thus, the KVM main processor deter-
mines which of the multiple requested video sources are
already being processed by the first group of video proces-
sors (i.e. which ones are in the first group of video sources)
(step S74).

The KVM main processor then assigns one or more video
processors (collectively, a second group of video processors)
to process the remaining requested video sources that are not
being processed by the first group of video processors. If
enough video processors are available for use, the KVM
main processor may assign one video processor to each
remaining requested video source. In such a case, each video
processor will only process one video source, and none of
the video processors will need to be sequentially switched to
two or more video sources. Alternatively, the KVM switch
may assign the second group of video processors to the
remaining video sources in a way that some video proces-
sors in the second group still need to be switched sequen-
tially to two or more video sources, but the number of
switching is reduced as compared to the conventional
method. The KVM main processor controls the video switch
to connect each of the second group of video processors to
the assigned video sources (step S75).

Each of the second group of video processors processes
the video signals from the connected video source(s) using
multiresolution decomposition to generate encoded decom-
position components (step S76). The processing of each
video source is the same as in the first group of video
processors. Here, since the video data is for the purpose of
supplying a multi-source client, the number of high resolu-
tion components generated by the multiresolution decom-
position method may be few than in a normal mode.

In the exemplary scenario shown in FIG. 8, the images
from the first and second video sources are already being
processed by the first and second video processors. The
KVM main processor assigns the third video processor to
process the third and fourth video sources. Switching
between the third and fourth video sources is necessary in
this case. The decomposition components generated by the
third video processor, shown as data 81-3 in FIG. 8, include
components [.n-3, Hn-3, . . . generated from the third video
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source and components [.n-4, Hn-4, . . . generated from the
fourth video source. The number of decomposition compo-
nents generated for the third and fourth video sources may
be fewer than in the normal mode.

Next, the KVM main processor 63 obtains processed
video data for the multiple video sources requested by the
multi-source client and transmits these data to the multi-
source client (step S77). Some of the processed video data
are obtained from video processors in the first group, and the
rest are obtained from the second group of video processors.
Since these processed video data are for the multi-source
mode which requires a lower resolution for each desktop
image, fewer decomposition components from each video
source are transmitted.

In the exemplary scenario, the data transmitted to the third
client in the multi-source mode, as schematically shown as
data 82-3 in FIG. 8, includes decomposition components
Ln-1, Hn-1, Ln-2, Hn-2, Ln-3, Hn-3, Ln-3, Hn-4, i.e., the
smooth signal for the lowest resolution level (Ln) and one
detail signal at the lowest resolution level (Hn) for each of
the first to fourth video sources. The decomposition com-
ponents [.n-1, Hn-1, Ln-2, Hn-2 are obtained from the first
and second video processors (i.e. from data 81-1 and 81-2),
and the decomposition components L.n-3, Hn-3, Ln-3, Hn-4
are obtained from the third video processor (i.e. from data
81-3).

In the above-described manner, the KVM main processor
63 obtains multiresolution decomposition components from
multiple video processors to form multi-source data which
include data from multiple requested video sources, and
transmits the multi-source data to the multi-source client.
Because the KVM main processor 63 has knowledge of
which video processors are currently processing signals
from which video sources for normal mode clients, it can
efficiently utilize the already-generated data to generate the
multi-source data.

In the embodiment of FIGS. 65, 7 and 8, the KVM switch
is more generally a server that supplies video signals from
a plurality of video sources to a plurality of clients.

The method of generating multi-source data according to
this embodiment has many advantages. First, the multireso-
Iution decomposition components can be re-used to supply
a client in normal mode and a client in multi-source mode.
This avoids duplicative video signal processing, and does
not increase data storage. In the conventional method, a
video processor supplying a client in multi-source mode will
process video signals from all requested video sources even
if some of these video sources are also being processed by
other video processor for supplying another clients. The
conventional method cannot re-use video data already pro-
cessed as a part of multi-source data because the video data
is typically compressed using methods such as MPEG,
JPEG, etc. Such compression methods do not allow a part of
a compressed high-resolution image data to be readily
separated and used as a low-resolution image data. Using
embodiments of the present invention, when two or more
clients request to display video images from a same video
source, the video source only needs to be switched to one
video processor and processed by that one video processor.
The KVM main processor will use the compressed data
generated by that one video processor to supply the two or
more clients. The two or more clients may be all in the
normal (single-source) mode, or one or more clients may be
in the normal mode and one or more clients may be in the
multi-source mode.

Second, using the method of the present embodiment, a
video processor does not need to be sequentially connected
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to all of the requested video sources of the multi-source
mode. The number of video source switching can be sig-
nificantly reduced or eliminated. This reduces the processing
time associated with switching video sources.

The system and method of FIGS. 3, 4 and 56 and the
system and method of FIGS. 65, 7, and 8 share some
common features. One common feature is that the server can
detect different requirements of different clients, and selec-
tively transmits different encoded multiresolution decompo-
sition components to the different clients based on their
requirements. In the system and method of FIGS. 3, 4 and
55, different clients require different resolution levels for the
image data due to their bandwidth limitations. In the system
and method of FIGS. 6b, 7 and 8, different clients require
different modes, such as a normal mode involving one video
source only and a multi-source mode involving multiple
video sources. In both methods, the server meets the differ-
ent client requirements by transmitting the appropriate mul-
tiresolution decomposition components to the clients.

Another common feature shared by the system and
method of FIGS. 3, 4 and 556 and the system and method of
FIGS. 6b, 7, and 8 is the re-use of decomposition compo-
nents generated by the server. In the system and method of
FIGS. 3, 4 and 55, different subsets of the decomposition
component generated within the KVM switch 55 are trans-
mitted to different clients to satisfy their resolution require-
ments. In the system and method of FIGS. 65, 7, and 8, for
some video processors (e.g. the first and second video
processors in the exemplary scenario), some of the decom-
position components they generate are transmitted to two or
more clients (e.g. one normal client and one multi-source
client).

It will be apparent to those skilled in the art that various
modification and variations can be made in the adjustable
resolution image signal transmission method and apparatus
of the present invention without departing from the spirit or
scope of the invention. Thus, it is intended that the present
invention cover modifications and variations that come
within the scope of the appended claims and their equiva-
lents.

What is claimed is:

1. A server for supplying video signals from a plurality of
video sources to a plurality of clients, comprising:

a plurality of video processing circuits;

a video switch coupled to the plurality of video sources
and the plurality of video processing circuits, the video
switch being operable to connect each video processing
circuit to one or more video sources;

wherein each video processing circuit is operable to
process video signals from the connected video sources
using a multiresolution decomposition method to gen-
erate a plurality of decomposition components for each
connected video source, including a smooth signal
component and one or more detail signal components at
one or more resolution levels, and

a transmission circuit for selectively transmitting decom-
position components generated by the video processing
circuits to the clients based on requirements of the
clients, wherein at least some of the time, the trans-
mission circuit transmits decomposition components
generated by two or more video processing circuits
connected to two or more video sources to one of the
clients for displaying images from the two or more
video sources on the client simultaneously,

wherein for the at least one video processing circuit, a first
number of decomposition components it generates are
transmitted to a first client operating in a single-source
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mode, a second number of decomposition components
it generates are transmitted to a second client operating
in a multi-source mode where images from multiple
video sources are simultaneously displayed on the
second client, the second number being lower than the
first number.
2. The server of claim 1, wherein at least some of the time,
the transmission circuit transmits some of the decomposition
components generated by one of the video processing cir-
cuits to two or more clients simultaneously.
3. The server of claim 1, wherein the video switch
connects each one of a first group of video processing
circuits to a corresponding one of a first group of video
sources,
wherein each one of the first group of video processing
circuits processes the video signal from the correspond-
ing video source using the multiresolution decomposi-
tion method to generate a plurality of decomposition
components for the corresponding video source,

wherein the transmission circuit transmits at least some of
the decomposition components generated by each one
of the first group of video processing circuits to a
corresponding one of a first group of clients operating
in a single-source mode,

wherein the video switch connects a second group of

video processing circuits to a second group of video
sources,
wherein each one of the second group of video processing
circuits processes the video signal from the connected
video sources using the multiresolution decomposition
method to generate a plurality of decomposition com-
ponents for each video source it is connected to, and

wherein the transmission circuit transmits at least some
decomposition components generated by at least one of
the first group of video processing circuits and at least
some decomposition components generated by each
one of the second group of video processing circuits to
a second client operating in a multi-source mode,
whereby the second client receives decomposition
components generated from a plurality of video
sources.

4. The server of claim 3, wherein each of the second group
of video processing circuits is connected to a corresponding
one of the second group of video sources.

5. The server of claim 3, wherein at least one of the second
group of video processing circuits is connected to two or
more of the second group of video sources sequentially.

6. The server of claim 1, wherein the multiresolution
decomposition method comprises, for each video source:

(a) decomposing video signal from the video source into

a first resolution level smooth signal and a predeter-
mined number of first resolution level detail signals;

(b) decomposing the first resolution level smooth signal

into a second resolution level smooth signal and the
predetermined number of second resolution level detail
signals; and

(c) repeating the decomposition step (b) until a smooth

signal and the predetermined number of detail signals
at a predetermined resolution level are generated.

7. The server of claim 6, wherein the multiresolution
decomposition method further comprises compressing and
coding the decomposition components.

8. The server of claim 7, wherein the multiresolution
decomposition method further comprises arranging the plu-
rality of decomposition components such that the smooth
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signal and lower resolution level detail signal components
appear before higher resolution level detail signal compo-
nents.

9. In a server system comprising a server, a plurality of
video sources connected to the server, and a plurality of
clients connected to the server, the server comprising a
plurality of video processing circuits, a video switch con-
nected to the plurality of video sources and the plurality of
video processing circuits, and a transmission circuit coupled
to the plurality of clients, a method executed by the server
for supplying video signals from the plurality of video
sources to the plurality of clients, comprising:

(a) the video switch connecting each of at least some of
the video processing circuits to one or more video
sources;

(b) each of the at least some of the video processing
circuits processing video signals from the connected
video sources using a multiresolution decomposition
method to generate a plurality of decomposition com-
ponents for each connected video source, including a
smooth signal component and one or more detail signal
components at one or more resolution levels; and

(c) the transmission circuit transmitting at least some
decomposition components generated by at least some
video processing circuits to at least some clients based
on requirements of the clients, wherein at least some of
the time, the transmission circuit transmits decompo-
sition components generated by two or more video
processing circuits connected to two or more video
sources to one of the clients for displaying images from
the two or more video sources on the client simulta-
neously,

wherein for the at least one video processing circuit, a first
number of decomposition components it generates are
transmitted to a first client operating in a single-source
mode, a second number of decomposition components
it generates are transmitted to a second client operating
in a multi-source mode where images from multiple
video sources are simultaneously displayed on the
second client, the second number being lower than the
first number.

10. The method of claim 9, wherein at least some of the
time, the transmission circuit transmits some of the decom-
position components generated by one of the video process-
ing circuits to two or more clients.

11. The method of claim 9,

wherein step (a) includes:

(al) connecting each one of a first group of video pro-
cessing circuits to a corresponding one of a first group
of video sources;

(a2) connecting a second group of video processing
circuits to a second group of video sources;

wherein step (c) includes:

(cl) transmitting at least some of the decomposition
components generated by each one of the first group of
video processing circuits to a corresponding one of a
first group of clients operating in a single-source mode;

(c2) transmitting at least some decomposition compo-
nents generated by at least one of the first group of
video processing circuits and at least some decompo-
sition components generated by each one of the second
group of video processing circuits to a second client
operating in a multi-source mode, whereby the second
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client receives decomposition components generated
from a plurality of video sources.

12. The method of claim 11, wherein each of the second
group of video processing circuits is connected to a corre-
sponding one of the second group of video sources.

13. The method of claim 11, wherein at least one of the
second group of video processing circuits is connected to
two or more of the second group of video sources sequen-
tially.

14. The method of claim 9, wherein the multiresolution
decomposition method comprises, for each video source:

(b1) decomposing video signals from the video source
into a first resolution level smooth signal and a prede-
termined number of first resolution level detail signals;

(b2) decomposing the first resolution level smooth signal
into a second resolution level smooth signal and the
predetermined number of second resolution level detail
signals; and

(b3) repeating the decomposition step (b) until a smooth
signal and the predetermined number of detail signals
at a predetermined resolution level are generated.

15. The method of claim 14, wherein the multiresolution
decomposition method further comprises compressing and
coding the decomposition components.

16. The method of claim 15, wherein the multiresolution
decomposition method further comprises arranging the plu-
rality of decomposition components such that the smooth
signal and lower resolution level detail signal components
appear before higher resolution level detail signal compo-
nents.

17. A method for transmitting image signals by a server to
a plurality of clients, comprising:

(a) processing video signals from a plurality of video
sources by a plurality of video processing circuits using
multiresolution decomposition to generate a plurality
of decomposition components, including, for the video
signal from each video source, a smooth signal com-
ponent and one or more detail signal components at one
or more resolution levels;

(b) determining a transmission requirement for each cli-
ent, including a resolution and a mode indicating a
number of video sources from which images are
received and simultaneously displayed, including a
single-source mode and a multi-source mode; and

(c) transmitting to each client a plurality of the decom-
position components based on the transmission require-
ment, including transmitting a first number of decom-
position components generated by a first video
processing circuit to a first client operating in the single
mode and transmitting a second number of decompo-
sition components generated by the first video process-
ing circuit to a second client operating in the multi-
source mode where images from multiple video sources
are simultaneously displayed on the second client, the
second number being lower than the first number.

18. The method of claim 17, wherein the plurality of
decomposition components includes a plurality of sets of
decomposition components, each set of decomposition com-
ponents being generated from one video source and includ-
ing a smooth signal component and one or more detail signal
components.



